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(g> On-demand type ink jet print head and method of operating same. 

© An on-demand type ink jet print head is des- 
cribed, comprising : a plurality of ink tanks (3,4) 
disposed at a lower position of a carriage to be 
independent of each other, pressure varying 
means provided on one of the tanks (3,4) ; an air 
release port (11) communicating with the other 
one of the tanks (3,4); a head assembly (2) 
provided on top of the tanks (3,4) to communi- 
cate with the tanks through flow paths (33) at 
both sides of the head assembly (2). The inven- 
tion provides stable printing independent of the 
amount of ink in an ink tank and discharge 
bubbles in a nozzle head together with the ink. 
A method of replenishing ink in an on-demand 
type ink jet print head thus constituted, com- 
prises the step of moving said ink from one tank 
to the other via said head assembly by varying a 
pressure of said one tank by said pressure 
varying means. 
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The present invention relates to an on-demand 
type ink jet print head and a method for replenishing 
ink in an on-demand type ink jet print head as well as 
a method for removing bubbles contained in an ink 
from a head assembly in an on-demand type ink jet 
print head. 

A so-called "on-demand type ink jet print head" 
thatforms ink droplets by inputof a print signal roughly 
comes in three types. The first is a bubble jet type in 
which a heater is arranged on the front end of a nozzle 
to instantaneously gasify ink, whereby ink droplets 
are produced and jetted by expansive pressure at the 
time the ink is gasified. The second is a type in which 
a part of a container forming ink reservoir is formed of 
a piezoelectric element that deforms by a print signal, 
whereby ink is jetted in the form of droplets by pres- 
sure produced within the container by deformation of 
the piezoelectric element. The third is a type in which 
a piezoelectric element is arranged in a pressure 
chamber having a nozzle opening, whereby ink is jet- 
ted in the form of droplets from the nozzie by varying 
the ink pressure in the pressure chamber by expan- 
sion and contraction of the piezoelectric element. 

As disclosed in Japanese Patent Examined Pub- 
lication Nos. 45985/1990 and 52625/1990, the above 
three types of on-demand type ink jet print heads are 
so designed that one end of a piezoelectric element 
whose other end is fixed to a base is brought into re- 
silient contact with a vibrating film forming a pressure 
chamber, so that ink in the pressure chamber can jet 
in the form of droplets from a nozzle opening while 
causing the vibrating film to be deformed by expan- 
sion and contraction of the piezoelectric element. 

Since these print heads receive ink from an ink 
tank through a pipe, ink supply piping is necessary, 
and this makes a head assembly large in structure. In 
addition, ink supply pressure must be maintained con- 
stant, and in the case of supplying the ink while utiliz- 
ing a difference in water head, the ink pressure to be 
applied to the print head varies depending on the re- 
maining amount of ink, thereby causing inconsistency 
in print quality. Further, removal of bubbles that have 
entered into the print head entails a waste of ink due 
to the bubbles being sucked together with the ink by 
applying negative pressure to the nozzle openings. 

To overcome the difficulties noted above for 
known ink jet print heads, the present invention pro- 
vides an on-demand type ink jet print head according 
to independent claim 1. Further advantageous fea- 
tures of this ink jet print head are evident from the de- 
pendent claims 2 to 1 1 and the following description 
and drawings. The invention furthermore provides the 
methods of replenishing ink in an on-demand type ink 
jet print head and removing bubbles contained in an 
ink from a head assembly in an on-demand type ink 
jet print head according to independent claims 12 and 
13. Further advantageous features of these methods 
are evident from the following description and draw- 



ings. 

The claims are to be understood as a first non-lim- 
iting approach to define the invention in general 
terms. 

5 According to a first aspect, the invention provides 

an on-demand type ink jet print head featured as min- 
imizing a difference in water head between nozzle 
openings as much as possible and requiring no suck- 
ing out of the ink to remove bubbles. 

10 According to a second aspect, the invention pro- 

vides an on-demand type ink jet print head featured 
as having minimal crosstalk. 

According to a third aspect, the invention pro- 
vides techniques for operating an on-demand type ink 

15 jet print head, such as a technique for replenishing ink 
to the tanks, a technique for removing bubbles having 
entered into the head assembly, and the like. 

Further aspects of the invention will become more 
apparent from the following description of preferred 

20 embodiments. 

The invention furthermore provides an on-de- 
mand type ink jet print head that prints data by jetting 
ink in a pressure chamber onto a recording medium 
from nozzle openings in the form of ink droplets upon 

25 input of a print signal and thereby forming dots on the 
recording medium by such ink droplets. 

To achieve the above objects, the invention is 
characterized as forming a plurality of independent 
tanks at a part that is on a lower side when mounted 

30 on a carriage. One of the tanks has a pressure varying 
means and the other tank communicates with an air 
release port A head assembly is arranged on top of 
the tanks so as to communicate with the respective 
tanks by means of flow paths disposed on both sides 

35 of the head assembly. 

If the pressure of one of the tanks is varied by a 
pump with a nozzle opening surface of the head as- 
sembly sealed by a cap or the like, then ink in this tank 
moves to the other tank via the head assembly. It is 

40 during this process that bubbles having entered into 
the head assembly are discharged into the other tank. 
These bubbles are then released into the atmosphere 
from the air release port. 

When the pressure in the two tanks is released to 

45 the atmosphere upon end of the discharging of the 
bubbles, the ink moves from one tank to the other via 
the head assembly so that the ink levels in the tanks 
come to be equal to each other. As a result, the ink 
that has passed through the head assembly at the 

so time the bubbles have been discharged is replenished 
for printing again, thus producing no waste of ink. Fur- 
ther, since the head assembly is connected to the 
tanks by siphonage, the ink is supplied at a certain wa- 
ter head independently of the ink level in the tanks, 

55 thus allowing stable printing to be achieved. 

Figure 1 is a diagram showing an embodiment of 

the invention with ink flow paths; 

Figure 2 is a perspective view showing an ap- 
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pearance of a print head of the invention; 
Figure 3 is an exploded perspective view showing 
an embodiment of a base forming the print head; 
Figures 4 (a) and 4(b) are diagrams showing an 
embodiment of a head assembly, of which Figure 
4 (a) is a front view of the head assembly and Fig- 
ure 4 (b) is a diagram showing a cross-section 
taken along a line A-A shown in Figure 4 (a); 
Figure 5 is a perspective view showing an exem- 
plary head assembly of the invention; 
Figure 6 is a sectional view showing an exem- 
plary vibrating element unit; 
Figure 7 is a sectional view showing a structure 
for connecting a vibrating element and a vibrating 
plate; 

Figure 8 is a diagram showing another exemplary 
vibrating element; 

Figure 9 is an exploded perspective view showing 
another exemplary head assembly of the inven- 
tion; 

Figure 10 is a diagram showing a structure of a 
pressure chamberforming plate in enlarged form; 
Figure 11 is a diagram showing an exemplary 
pressure transmitting member in enlarged form; 
Figure 12 is a perspective view showing the vi- 
brating element unit in enlarged form; 
Figure 13 is a perspective view showing another 
exemplary vibrating element unit; 
Figure 14 is an exploded perspective view show- 
ing an exemplary head assembly using the vibrat- 
ing element unit shown in Figure 13; 
Figure 1 5 is a diagrams showing another embodi- 
ment of the invention with ink flow paths; 
Figure 16 is a diagram showing still another ex- 
emplary vibrating element unit; 
Figure 17 is a diagram showing another embodi- 
ment with a nozzle plate; and 
Figures 18 (a) and 18(b) are diagrams illustrative 
of an operation of the nozzle plate shown in Fig- 
ure 17. 

Embodiments of the invention will now be descri- 
bed with reference to the accompanying drawings. 

Figure 2 shows an appearance of a print head of 
the invention. In Figure 2, reference numeral 1 desig- 
nates a base serving also as a carriage mounting 
member. In this base a main tank 3 and a sub tank 4, 
which are independent of each other as shown in Fig- 
ure 3, are disposed at a position lower than a head 2 
when mounted on the carriage. In the respective tanks 
are partitions 3a, and 4a. 

Returning to Figure 2, the base 1 includes a por- 
tion 7 that forms a tank body and a cover member 8 
that seals a front end of the tank body portion 7. The 
tank body portion 7 has an ink replenishing port 10 on 
top of the main tank 3, an air release port 1 1 on top 
of the sub tank 4, and a heater mounting hole 12 be- 
tween these tanks 3, 4 as the provision for using hot 
melt ink. The air release port 1 1 permits passage of 



gas, and at the same time, is sealed by a member that 
blocks passage of liquid, such as a filter 17 made of 
porous fluorine-containing resin or porous silicon. 
The cover member 8 includes a front plate 14 and 

5 a back plate 15 as shown in Figure 3. In front of the 
front plate 14 are arms 13, 13 that support the print 
head 2 and grooves 14a, 14b t each forming a flow 
path that allows the respective tanks 3, 4 to commu- 
nicate with a head assembly 2 (described later) in co- 

10 operation with the back plate 15. On the upper ends 
of the respective grooves 14a and 14b are through- 
holes 14c and 14d that communicate with ink supply 
ports 138, 138 of the head assembly 2 (Figure 9). On 
the back plate 15 are throughholes 15a and 15b that 

15 communicate with the lower ends of the respective 
grooves 14a and 14d formed on the front plate 14, so 
that the respective grooves 14a and 14b can commu- 
nicate with the main tank 3 and the sub tank 4, respec- 
tively, at lower positions of the tanks. In Figure 3, ref- 

20 erence numeral 1 6 designates an ink receiving mem- 
ber to be used when ink is replenished. 

Figure 1 roughly shows the print head of the in- 
vention by way of a flow path structure. The head as- 
sembly 2 communicates with the bottom portions of 

25 the respective tanks 3, 4 on the side thereof by means 
of vertically extending flow paths 20 and 21 that are 
formed of the grooves 14a and 14b of the cover mem- 
ber 8 so that the head assembly 2 can be connected 
to the main tank 3 and the sub tank 4 by siphonage. 

30 The head assembly 2 has, as will be described later, 
nozzle openings 31 so that the head assembly 2 can 
communicate with the air. The size of each nozzle 
opening 31 is so small as 60 urn in diameter that the 
siphoning action is maintained by the meniscus. 

35 In such a construction, when the main tank 3 is 

pressured or evacuated by supplying air from, e.g., a 
pump or by a sucking means 23 with the entire surface 
over the nozzle openings 31 hermetically sealed with 
a cap, a difference in pressure is produced between 

40 the main tank 3 and the sub tank 4. As a result, the 
ink in a tank whose pressure is higher, e.g., the main 
tank 3 flows into the sub tank 4 whose pressure is low- 
er via the head assembly 2. At this point, the air in the 
sub tank 4 that is compressed by the flowing of the ink 

45 is released into the atmosphere from the filter 17, 
thereby maintaining the sub tank 4 at atmospheric 
pressure. Even if the pressure of the main tank 3 is in- 
creased so much as to cause the ink level to reach the 
filter 17, the filter 17, having the function of blocking 

so fluid, the ink will in no way flow out. 

In the ink moving process the bubbles in the head 
assembly 2, riding on the ink flow, are bound to be dis- 
charged into, e.g., the sub tank 4. When the main tank 
3 is caused to communicate with the atmosphere 

55 upon movement of the ink by a predetermined 
amount, the ink moves via the head assembly 2 until 
the difference in water head between the main tank 3 
and the sub tank 4 is eliminated, while the bubbles 
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that have flown into the sub tank 4 are released into 
the atmosphere from the air release port 1 1 . 

Since the bubbles in the head assembly 2 have 
been removed by moving the ink from one tank 3 to 
the other tank 4 in this way, no such operation as 
sucking the ink from the nozzle openings is required 
as in a conventional head assembly in which bubbles 
are removed by applying a negative pressure to the 
nozzle openings. Thus, even in the case where large 
amounts of bubbles are produced at the time of melt- 
ing, particularly, such as in hot melt ink that involves 
melting of solid ink for use, there is no waste of ink by 
sucking out, thereby contributing to a reduction in run- 
ning cost. 

Further, the head assembly 2 is disposed at a 
position higher than the ink tanks 3 and 4 and is sup- 
plied with ink from the bottom of each of the tanks 3 
and 4 by siphonage. As a result, the ink is supplied to 
all the nozzle openings 31 at a certain pressure irres- 
pective of the levels of ink in the tanks 3, 4, thereby 
allowing stable ink droplets to be formed. 

Figures 4 (a) and 4(b) and Figure 5 show an em- 
bodiment of the head assembly. In Figures 4 (a) and 
4(b) and Figure 5, reference numeral 30 designates a 
nozzle plate, which has a plurality of nozzle openings 
31 extending in a sheet forward direction in the form 
of an array (in a vertical direction as viewed in the fig- 
ures). A plurality of such arrays of nozzle openings are 
arranged in an auxiliary scanning direction (in a hori- 
zontal direction as viewed in the figures). These noz- 
zle openings 31 are isolated from one another in the 
vertical direction by walls 32 so that the ink can be 
supplied from ink flow paths 33 which interpose the 
nozzle openings therebetween. 

Reference numeral 34 designates a vibrating 
plate, which is arranged at a predetermined distance 
from the nozzle plate 30 so as to form a pressure 
chamber 35 with respect to the nozzle plate 30. An 
end of the vibrating plate 34 is fixed on a front end of 
a support member 37 that is carried on a base 36. On 
a side of the support member 37 confronting the noz- 
zle plate project wall surfaces 38 so as to form a 
groove 33 for supplying the ink to the pressure cham- 
bers 35. The vibrating plate 34 is firmly secured to a 
front end of the wall surface 38 so that the vibrating 
plate 34 can be supported. By the way, at the time the 
ink is jetted, i.e., when a vibrating element 40 is ex- 
panded and contracted, stress acts also on the wall 
surface 38 through the vibrating plate 34, thereby 
causing the support member 37 to be distorted. As a 
result, the gap between the nozzle plate 30 and the vi- 
brating plate 34 having an array of nozzle openings to 
which the expanded and contracted vibrating plate 
belongs changes. The phenomenon of jetting the ink 
from nozzles by such change of gap, the so-called 
"crosstalk/' is likely to occur. In order to prevent such 
trouble from happening, it is desirable to employ a 
means for increasing the strength of the support mem- 



ber 37 to a possible degree. For example, a material 
such as titanium that is lightweight and highly synthet- 
ic may be used, or a reinforcing plate may be mounted 
at a lower region of the support member. The inven- 

5 tors have found that a practically adequate print qual- 
ity can be ensured by suppressing a distortional dis- 
placement of the support member 37 to such a degree 
as from 1/9 to 1/1 1 times a displacement of the vibrat- 
ing plate 34 due to expansion and contraction of the 

10 vibrating element 40. As a result of the above struc- 
ture, the ink can flow into the pressure chamber 35 in 
a stream shown by arrow B in Figure 4(b) from the 
groove 33 whose fluid resistance is relatively small. 
Further, since the vibrating element 40 (described lat- 

15 er) can be isolated from the ink, shortcircuiting of the 
vibrating element between the electrodes can be ob- 
viated even in the case of using electrically conduc- 
tive ink. 

Reference numeral 40 designates the above- 

20 mentioned vibrating element. The vibrating element 
40 is divided into two regions in an axial direction. On 
both sides of an inactive region (lower as viewed in 
Figure 4(b)), i.e., the side that exhibits no piezoelec- 
tric effect, are substrates 41 , 42 bonded. This inactive 

25 region is fixed on the base 36 through these sub- 
strates 41 and 42. Each of the substrate 41 and 42 is 
made of a material whose acoustic impedance is larg- 
er than the vibrating element 40, e.g., alumina or met- 
allic silicon. On the other hand, on the end of an active 

30 region of the vibrating element 40, i.e., the region ex- 
panding and contracting upon application of a signal, 
is a pressure transmitting member 43 fixed. This ac- 
tive region is connected to the vibrating plate 34 
through the pressure transmitting member 43. By pro- 

35 viding the inactive region and fixing such region in this 
way, repetitive expansion and contraction of the vi- 
brating element 40 do not produce distortion on the 
bonded surfaces between the substrates 41 and 42 
and the vibrating element 40. This contributes to min- 

40 imizing the fatigue and thereby increasing the life of 
the vibrating element 40, the substrates 41 and 42, 
and the bonded surfaces. In addition, since the acous- 
tic impedance of the substrates 41 and 42 is larger 
than that of the vibrating element 40, abnormal vibra- 

45 tions can be prevented by positively reflecting elastic 
undulations produced within the vibrating element 40 
on the surfaces of the substrates 41 and 42, thereby 
ensuring that vibrating components effective in jetting 
the ink will be transmitted to the vibrating plate 34. 

so Further, since the vibrating element 40 is con- 

nected to the vibrating plate 34 through the pressure 
transmitting member 43, in the case of using a small 
vibrating element if the pressure transmitting mem- 
ber is fabricated in a size larger than the end surface 

55 area of the vibrating element 40 and smaller than the 
area of the vibrating plate 34, the expansion and con- 
traction of the vibrating plate 34 can be transmitted ef- 
fectively to the vibrating plate 34. As a result, ink jet- 
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ting performance can be improved. 

Figure 6 is a diagram showing an embodiment of 
the above-mentioned vibrating element. This vibrat- 
ing element includes a first layer forming a first elec- 
trode 50, a second layer forming a piezoelectric layer 
52, and a third layer forming a second electrode 51 . 
The first electrode 50 is a thin coating made of a silver- 
palladium (Ag-Pd) or platinum (Pt) containing electri- 
cally conductive coating material prepared as a paste. 
The second layer is a thin coating made of a piezo- 
electric element material, e.g., a lead titanate or lead 
zirconate containing composite perovskite ceramic 
material prepared as a paste. The third layer is a thin 
coating made of the silver-palladium (Ag-Pd) or plati- 
num (Pt) containing electrically conductive material 
prepared as a paste. These three layers are laminated 
on a surface plate so that each electrode layer is in- 
terposed between the piezoelectric layers. At this 
point, electrodes, which are the electrodes 51 in this 
embodiment, are cut off almost at middle portions 54 
thereof to stop conductivity. An electrode forming ma- 
terial is coated on each of the first electrodes 50 so as 
to expose from an end surface (the right end surface 
as viewed in Figure 6) and on each of the second elec- 
trodes 51 are formed so as to expose from the other 
end surface (the I aft end surface as viewed in Figure 
6). The vibrating element thus prepared in laminated 
form with a predetermined number of layers is dried, 
and then baked at temperatures from 1000 to 1 200°C 
for about one hour while applying pressure. 

A vibrating element plate in the form of a single 
board has a structure such that each of the first elec- 
trodes 50 forming one of a pair of electrodes, exposes 
one end thereof to an end surface of the vibrating ele- 
ment, with the other end thereof being covered with 
the piezoelectric layer, while one end of each of the 
second electrodes 51 is exposed to the other end sur- 
face of the vibrating element with the other end there- 
of being covered with the piezoelectric layer. 

The vibrating element is formed by cutting this vi- 
brating element plate in strip-like form or slitting the 
plate in comb-like form while leaving one end thereof 
not slitted into a predetermined size using a dicer or 
a diamond cutter. 

Electrically conductive layers 55 and 56 on both 
end surfaces of the vibrating element are formed, so 
that the electrodes 50 whose polarities are the same, 
can be connected in parallel with one another by the 
electrically conductive layer 55 and the electrodes 51 
by the electrically conductive layer 56. If these elec- 
trically conductive layers 55 and 56 are fixed with an 
electrically conductive adhesive to electrically con- 
ductive layers 57 and 58 formed on the substrates 41 
and 42, respectively, then the layers 55 and 56 can be 
connected to external sources electrically. The vibrat- 
ing element can provide an adequate ink jetting output 
even with a minimal voltage because the piezoelectric 
layers 52 are very thin and because the respective 



electrodes 50 and 51, producing a drive electric field, 
are connected in parallel with each other. 

Further, the electrodes 51 are electrically discon- 
nected by the piezoelectric material at the middle por- 

5 tions thereof 54 and 54. Therefore, it is only a free end 
side (the left side as viewed in Figure 6) that expands 
and contracts upon application of an exciting voltage, 
while leaving no voltage applied to the regions se- 
cured to the substrates 41 and 42. As a result, there 

10 will be in no way a case where undesired force acts 
on the vibrating element, thereby ensuring a long life. 
In addition, since the vibrating element has a general 
structure in which a layer made of a piezoelectric ma- 
terial and a layer made of an electrode material are as 

15 uniform as possible; in other words, since the whole 
structure of the vibrating element is such that the elec- 
trodes extend as far as to the inactive region, warpage 
or bending of the vibrating element due to tempera- 
ture change or secular deterioration can be prevent- 

20 ed. 

Figure 7 shows a structure by which the vibrating 
plate is connected to the front end of the thus con- 
structed vibrating element. The front end of the vibrat- 
ing element 40, which is the free end side thereof, is 

25 covered with a cup-like pressure transmitting member 
60. The pressure transmitting member 60 has on the 
back surface thereof a recessed portion whose size is 
slightly larger than the size of the front end of the vi- 
brating element 40, and the recessed portion side of 

30 the pressure transmitting member 60 confronts the vi- 
brating element 40. The pressure transmitting mem- 
ber 60 is secured by loading a heat-resistant adhesive 
61 into the free space in the recessed portion to en- 
sure that the pressure transmitting member 60 will be 

35 in contact with a vibrating plate 62. Accordingly, the 
effect of not only preventing the outflow of the adhe- 
sive, but also positioning the pressure transmitting 
member at the very small front end surely can be pro- 
vided. 

40 While the case of preparing a plurality of layers in- 

tegrally has been described in the above-mentioned 
embodiment, it is apparent that the same effect can be 
obtained by fixing a plurality of piezoelectric vibrating 
plates 65, each vibrating plate having at one end 

45 thereof electrodes 63, 64 bonded integrally on both 
sides with an adhesive as shown in Figure 8. 

Figure 9 shows a print head structure in the form 
of an exploded lamination structure. In Figure 9, ref- 
erence numeral 70 designates a nozzle plate. The 

so nozzle plate has a plurality of nozzle openings 71 
formed by electroforming when made of nickel as a 
material, by etching when made of metallic silicon, or 
by press working when made of stainless steel, nickel, 
or brass. These nozzle openings 71 are arranged so 

55 as to form a vertical array when mounted on a car- 
riage. There are a plurality of such arrays. In Figure 
9, reference numeral 72 designates positioning holes 
for assembling. 
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Reference numeral 81 designates a pressure 
chamber forming plate, which is arranged as a second 
layer member for forming pressure chambers with the 
nozzle plate 70. The pressure chamber forming plate 
interposes a plurality of vibrating plates 73 between 
frames 77 and 78, a number of such vibrating plates 
being equal to a number of nozzle opening arrays. As 
shown in Figure 10, each vibrating plate 73 has film- 
like vibrating portions 74 and horizontally extending 
walls 75. The vibrating portions 74 are formed by 
molding a high polymer material having heat resis- 
tance and resilience, e.g., polyimide®. Each wall 75 
isolates the vertically arrayed nozzle openings 71 
from one another and controls the gap between the vi- 
brating portion 74 and the nozzle plate 70 with an end 
thereof abutting against the back surface of the nozzle 
plate 70. On both sides of each vibrating plate 73 are 
gaps provided to allow slits 80 to be formed, the slits 
being provided to supply ink to the nozzle plate 70. On 
the frames 77 and 78 are throughholes 82 and 82 pro- 
vided to supply the ink between the vibrating plates 73 
and the nozzle plate 70. These throughholes 82 are 
designed to widen toward a print region but are dis- 
posed outside the print region. In Figure 10, reference 
numeral 84 designates positioning holes for assem- 
bling. 

Reference numeral 86 designates pressure 
transmitting members, which are arranged as third 
layer members to connect vibrating elements 122 (de- 
scribed later) to the vibrating portions 74 of the corre- 
sponding vibrating plate 73. In the case of using hot 
melt ink, a heat-resistant high polymer such as PPS 
is subjected to injection molding, or a metallic material 
is etched or pressed so that the pressure transmitting 
member can be formed into, e.g., a C-shaped mem- 
ber such as shown in Figure 11 so as to be fitted with 
a front end of the vibrating element 122. The surface 
area of the front end 86a of the pressure transmitting 
member is selected so as to be larger than the surface 
area of the front end of the vibrating element 1 22 and 
smaller than the surface area of a single vibrating por- 
tion 74 defined by the walls 75. The mass of the pres- 
sure transmitting member is set so as to be smaller 
than the mass of the active region of the vibrating ele- 
ment, i.e., the mass of the vibrating region. More pre- 
ferably, the mass of the pressure transmitting member 
is set to about 1/10 the mass of the vibrating region. 

Reference numeral 88 designates a pressure 
transmitting member support plate for positioning the 
pressure transmitting members 86, which is arranged 
as a fourth layer member. This pressure transmitting 
member support plate 88 is formed by providing lad- 
der-like frames 90 so as to be positioned in alignment 
with the pressure transmitting members 86. The pres- 
sure transmitting member support plate 88 is also de- 
signed to allow the pressure transmitting members 86 
to be held by throughholes 92 provided by the frames 
90 in such a manner that the pressure transmitting 



members 86 can move in the axial direction. Outside 
the print region are throughholes 94. These through- 
holes 94 widen toward the print region to supply the 
ink between the vibrating plates 73 and the back sur- 

5 face of the nozzle plate 70. In Figure 1 1 , reference nu- 
meral 96 designates positioning holes for assembling. 

Reference numeral 98 designates a flow path 
forming plate, which is arranged as a fifth layer mem- 
ber. The flow path forming plate has long holes 100 

10 (described later) that allow the vibrating elements 1 22 
to pass therethrough. Each long hole 100 is disposed 
at a position confronting an array of nozzle openings, 
and a moat-like recessed portion that encloses each 
of these long holes 1 00 is formed to provide ink supply 

15 paths 102. These ink supply paths 102 are formed at 
such positions as to allow communication with long 
holes 93 of the pressure transmitting member support 
plate 88 and the slits 80 of the pressure chamber 
forming plate 81. These ink supply paths 102 also 

20 communicate with throughholes 104 that widen to- 
ward the print region but are disposed outside the 
print region. In Figure 1 1 , reference numeral 106 des- 
ignates positioning projections. 

Reference numeral 110 designates a vibrating 

25 element unit holder, which is arranged as a sixth layer 
member. This vibrating element unit holder 1 10 has a 
window 112 for allowing vibrating element units 120 
to pass therethrough and indentations 114 that come 
in engagement with both ends of the vibrating element 

30 units 120. Throughholes 116, 116 for supplying the 
ink to the first to the fifth layer members are also pro- 
vided in regions outside the print region. In Figure 1 1 , 
reference numeral 118 designates positioning 
throughholes. 

35 Reference numeral 120 designates the above- 

mentioned vibrating element unit, in which a plurality 
of vibrating elements 122 are arranged so as to be 
aligned with the nozzle openings 71 as shown in Fig- 
ure 12, so that the vibrating element unit 120 is inter- 

40 posed between two substrates 124 and 126. Each of 
the su bstrates 1 24 and 1 26 is made of a material such 
as the above-mentioned material whose acoustic im- 
pedance is large. Each vibrating element 122 is de- 
signed to have the active region and the inactive re- 

45 gion as described above. The inactive region is fixed 
to the substrates 1 24 and 1 26 and the length of the ac- 
tive region is selected so that the inactive region ex- 
tends almost from the fifth-layer flow path forming 
plate 98 to the pressure transmitting members 86. The 

50 substrates 124 and 126 have steps 128 and 130 re- 
spectively so that these substrates do not come in 
contact with the active region of each vibrating ele- 
ment 122. 

Reference numeral 134 designates a base hav- 
55 ing a throughhole 136 and throughholes 138 and 138 
outside the throughhole 136. The throughhole 136 
can accommodate a necessary number of vibrating 
element units 120. The throughholes 138 communi- 
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cate with the openings of the ink flow paths of the base 
1 that forms the ink tanks. In Figure 12, reference nu- 
meral 140 designates positioning throughholes. 

As a result of the above-mentioned lamination 
structure, when a plurality of vibrating element units 
120 are assembled into the through hole 136 of the 
base 1 34 and then let the window 1 1 2 of the vibrating 
element unit holder 110 allow such assembly to pass 
therethrough, the substrates 124 and 128 forming 
each vibrating element unit 120 come in engagement 
with the indentations 114 of the holder 110, thereby 
causing each vibrating element unit 120 to be set to 
a predetermined position. As the projections 106 of 
the flow path forming plate 98 are inserted into the 
positioning holes 140 and 1 18 of the base 134 and the 
holder 110, respectively, under this condition, the vi- 
brating elements 122 of the respective vibrating ele- 
ment unit 120 project from the long holes 100 of the 
flow path forming plate 98. 

The pressure transmitting member support plate 
88 is carried on the thus assembled body so that the 
front ends of the vibrating elements 122 can pass 
through the throughholes 92 of the support plate 88. 
The pressure transmitting members 86 are then in- 
serted into the respective throughholes 92. Accord- 
ingly, the pressure transmitting members 86 are set 
on the front ends of the vibrating elements 122. 

Then, when the vibrating plate 73 and the nozzle 
plate 70 are placed on the thus assembled body while 
positioned with the projections 106 as a reference, the 
respective pressure transmitting members 86 abut 
against the vibrating portions 74 of the vibrating plates 
73, so that the pressure chamber 35 (Figure 4) is 
formed by a vibrating portion 74 and the walls 75 de- 
fining such vibrating portion 74. The thus formed pres- 
sure chambers 35 communicate with the nozzle open- 
ings 71, respectively. 

Upon completion of laminating the respective lay- 
er members, these layer members are fixed integrally 
to complete a head assembly. As this head assembly 
has been mounted on the base 1 so that the arrays of 
nozzle openings extend vertically, throughholes 14c, 
1 4d formed on the cover member 8 of the base 1 are 
connected to the throughholes 138 of the base 134, 
thus completing the ink flow paths between the ink 
tanks 3 and 4 and the head assembly 2. 

When pressure is applied to one of the tanks, e.g., 
the ink tank 3 under this condition as described above, 
the ink from the ink tank 3 flows to the throughholes 
138 of the base 134 and the throughholes 116 of the 
holder 110 to reach the throughholes 94 of the flow 
path forming plate 98. The ink that has reached the 
flow path forming plate 98 is scattered around while 
passing through the ink supply paths 102, flowing into 
the slits 80 of the pressure chamber forming plate 81 
from the long holes 93 of the pressure transmitting 
member support plate 88, then and from the slits 80 
to the pressure chambers formed between the vibrat- 



ing plates 73 and the nozzle plate 70. Since the re- 
spective throughholes 92 of the pressure transmitting 
member support plate 88 are sealed by the vibrating 
plates 73, the vibrating element units 1 20 will never be 

5 immersed in the ink. 

While it is designed to fix a plurality of vibrating 
elements 122 between the long substrates 124 and 
126 in this embodiment, as shown in Figure 13, a sin- 
gle vibrating element 150 may be fixed between sub- 

10 strates 152, each of which substrates has the same 
width as the vibrating element 1 50 to achieve a single- 
vibrating element single-unit construction. In this 
case, as shown in Figure 14, throughholes 156 are 
formed so as to be aligned with vibrating element units 

15 158 and the vibrating element units 158 are set to 
these throughholes 156 by sliding. By similarly setting 
the flow path forming plate 98, the pressure transmit- 
ting support plate 88, the pressure transmitting mem- 
bers 86, the pressure chamber forming plate 81 , and 

20 the nozzle plate 70 under this condition, the head as- 
sembly can be completed. 

This embodiment allows correspondence be- 
tween a single vibrating element unit and a single noz- 
zle opening. This allows replacement of a defective vi- 

25 brating element on a single element basis, thereby 
contributing to reducing maintenance and manufac- 
turing cost. 

While pressure is applied to one of the tanks to 
move the ink to the other tank through the head as- 

30 sembly in the above embodiment it is apparent that 
the same effect can be achieved by evacuating one 
of the tanks. 

Figure 15 shows another embodiment of ink sup- 
ply paths to the respective pressure chambers in the 

35 print head of the invention. In this embodiment seal 
members 161 to 165 are arranged on either an upper 
or a tower end or ends of the vertically extending ar- 
rays of nozzle openings in order to regulate the direc- 
tion of the ink flowing into the ink supply paths 33. Ac- 

40 cording to this embodiment, the ink flows from a single 
ink supply path 33 to the other ink supply path 33 via 
the pressure chambers 35 as shown by arrows in Fig- 
ure 15, when the ink passes through the head assem- 
bly 2 upon pressuring or evacuating the main tank 3. 

45 As a result, the ink can be loaded into the pressure 
chambers 35 surely by driving out bubbles remaining 
at the pressure chambers 35 into the supply path 33. 

While the inactive region of the vibrating element 
is interposed by the substrates on both sides in the 

so above embodiment, the inactive region may also be 
fixed only on a single side of the vibrating element as 
shown in Figure 16. 

That is, the inactive region of a vibrating element 
1 70 ic fixed on a substrate 1 71 on a single side thereof 

55 by an adhesive, and then such an adhesive as to be- 
come rigid after cured, e.g., an adhesive prepared by 
mixing ceramic powder with a binder, is applied as far 
as to a support member 1 72 in such a manner that the 
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bottom and the exposed other side of the substrate 
171 can be covered up. 

This technique allows reaction produced at the 
time of driving the vibrating element to be received by 
the adhesive layer 173, thus preventing variations in 
the gap between the nozzle opening and the vibrating 
element surface accompanied by the deformation of 
the substrate 171 , which further obviates crosstalk. 

Figure 17 shows another embodiment of the noz- 
zle plate. In Figure 17, reference numeral 181 desig- 
nates buffer flow paths arranged at positions as close 
to nozzle openings 180 as possible and remote from 
the vibrating plates 34. Each buffer flow path is formed 
into a throughhole whose diameter is smaller than the 
nozzle opening 180. The diameter of each buffer flow 
path 181 is selected to about 45 to 50 uxn if the diam- 
eter of the nozzle opening is set to 60 uirt. It has been 
verified that the diameter of the buffer flow path which 
is 0.6 to 0.95 times that of the nozzle opening can pre- 
vent drying of the ink from the buffer flow path as well 
as crosstalk while maintaining the siphonage. 

In this embodiment, if no printing is performed, 
the meniscus 1 82 of each buffer flow path 1 81 retreats 
toward the ink flow path side as shown in Figure 1 8(a). 
When a vibrating element 40 is excited to form a dot 
under this condition, the ink in the pressure chamber 
35 is compressed' as the vibrating plate 34 confronting 
the vibrating element 40 projects toward the pressure 
chamber 35. As a result, an ink droplet jets out from 
the nozzle opening 180 confronting the vibrating ele- 
ment 40 that has been excited. The change in ink 
pressure in the pressure chamber 35 is propagated 
around to apply pressure to the ink in pressure cham- 
bers belonging to other nozzle openings that are ad- 
jacent to this nozzle opening 180. However, the me- 
niscus 182 of the buffer flow path advances toward 
the front surface (Figure 1 8 (b)) by the propagation of 
pressure undulations, which propagation is absorbed 
by a change in volume of the meniscus 182, thereby 
causing the pressure undulations to be damped. As a 
result, the crosstalk caused by the driving of adjacent 
vibrating elements can be prevented. 

As the pressure undulations are damped in this 
way, the meniscus of the buffer flow path 181 retreats 
toward the ink flow path 33 side. Accordingly, dots are 
sequentially formed by repeating the above- 
mentioned process while preventing crosstalk to a 
possible extent. 



Claims 

1 . An on-demand type ink jet print head, comprising: 
a plurality of ink tanks (3,4) disposed at a 

lower position of a carriage to be independent of 

each other, 

pressure varying means provided on one 

of said tanks (3,4), 



an air release port (11) communicating 
with the other one of said tanks (3,4); 

a head assembly (2) provided on top of 
said tanks (3,4) to communicate with said tanks 
5 (3,4) through flow paths (33) at both sides of said 

head assembly (2). 

2. An on-demand type ink jet print head according to 
claim 1, wherein each of said tanks (3,4) compris- 

10 es a container portion with a front surface thereof 

being open and a cover plate (8), said cover plate 
(8) having flow paths (33) on a back surface 
thereof, said flow paths (33) extending to said 
head assembly (2). 

15 

3. An on-demand type ink jet print head according to 
claim 1 or 2, wherein said air release port (11) is 
air-transmitting and is provided with a filter (17) 
blocking passage of liquid. 

20 

4. An on-demand type ink jet print head according to 
one of the preceding claims, wherein said head 
assembly (2) comprises a lamination structure 
which comprises: 

25 a nozzle plate (70) having a plurality of 

nozzle openings (71); 

a pressure chamber forming plate (81) for 
forming pressure chambers in cooperation with 
said nozzle plate (70); 

30 a flow path forming plate (98) for forming 

flow paths for supplying ink; 

a vibrating element unit (120) having a part 
of a vibrating element (122) secured to a sub- 
strate (124,126); and 

35 a base (134) for accommodating said vi- 

brating element unit (120) and fixing said respec- 
tive layer members integrally. 

5. An on-demand type ink jet print head according to 
40 claim 4, wherein said pressure chamber forming 

plate (81 ) has a vibrating portion at a position con- 
fronting said nozzle opening (71) and walls (75) 
defining a single direction between said nozzle 
openings (71). 

45 

6. An on-demand type ink jet print head according to 
claim 4 or 5, wherein said flow path forming plate 
(98) comprises a throughhole (104) for allowing 
passage of said vibrating element (122) and a re- 

50 cessed portion formed so as to enclose said 

throughhole (104). 

7. An on-demand type ink jet print head according to 
cne of claims 4 to 6, wherein said vibrating ele- 

55 ment unit (120) is so arranged that a half of said 

vibrating element (120) is formed as an inactive 
region and secured to said substrate or sub- 
strates (124,126), while the other half of said vi- 
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8. 



9. 



brating element (120) is formed as an active re- 
gion, said active region being a free end. said half 
of said vibrating element (120) being defined by 
dividing said vibrating element (120) in an axial di- 
rection. 

5 

An on-demand type Inkjet print head according to 
claim 7, wherein said inactive region is of a lam- 
ination structure having an electrode (51,52) and 
a piezoelectric material (52) laminated in a man- 10 
ner similar to said active region, and has a region 
for cutting off a signal at least to an electrode es- 
tablishing one polarity. 

An on-demand type ink jet print head according to 15 
one of claims 4 to 8. wherein said pressure cham- 
ber forming plate (81), said flow path forming 
Plate (98), and said base (134) have through- 
holes (82,104,138) for forming ink supply paths 
(102) communicating with said ink tanks (3,4) at 20 
portions outside a print region. 

1 0. An on-demand type Inkjet print head according to 
one of claims 4 to 9, wherein a throughhole whose 
diameter is smaller than that of said nozzle open- 25 
mg (180) is arranged at a region confronting said 

ink flow path (102) of said nozzle plate (70) to al- 
low a buffer flow path (181) for preventing cross- 
talk to be formed. 

1 1. An on-demand type Inkjet print head according to 
claim 10, wherein a diameter of said buffer flow 
path (181) is 0.6 to 0.95 times said diameter of 
said nozzle opening (180). 

12. A method of replenishing ink in an on-demand 
type ink jet print head comprising a plurality of 
tanks, said tanks being disposed at a lower pos- 
ition of a carriage so as to be independent of each 
other, pressure varying means provided on one of 40 
said tanks, an air release port communicating 
with the other one of said tanks, and a head as- 
sembly arranged on top of said tanks so as to al- 
low said head assembly to communicate with said 
tanks through flow paths at both sides of said 45 
head assembly, said method comprising the step 
of moving said ink from one tank to the other via 
said head assembly by varying a pressure of said 
one tank by said pressure varying means. 

13. A method of removing bubbles contained in an ink 
from a head assembly in an on-demand type ink 
jet print head comprising a plurality of tanks, said 
tanks being disposed at a lower position of a car- 
riage so as to be independent of each other, a 55 
pressure varying means provided on one of said 
tanks, an air release port communicating with the 
other one of said tanks, and a head assembly ar- 
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35 



50 



ranged on top of said tanks so as to allow said 
head assembly to communicate with said tanks 
through flow paths at both sides of said head as- 
sembly, said method comprising the step of mov- 
ing said ink from one tank to the other via said 
head assembly by varying a pressure of said one 
tank by said pressure varying means. 
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